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Average annual concentrations of particulate matter <2.5 µm in aerodynamic diameter (PM 2.5 ) in nearly all of China's largest 190 cities are above the Chinese national ambient air quality standard of 35 µg/m 3 , and >99% of the population lives in locations where the World Health Organization (WHO) air quality guideline of 10 µg/m 3 annual average is exceeded. 2 Although population exposure since about 2010 appears to have stabilized, mean population-weighted concentrations in 2015 were 18% above those in 1990. 2 Combined with population growth, population movement from rural areas to more polluted cities, aging, and consequent increasing prevalence of ischemic heart disease, stroke, lung cancer, and chronic obstructive pulmonary disease, deaths attributable to PM 2.5 in outdoor air have similarly increased. These demographic trends, combined with continued high exposures, present ongoing challenges for China to reduce the population health impacts from outdoor air pollution.
In this issue of Circulation, Huang et al 3 estimate the potential cardiovascular health benefits that could be gained through reductions in air pollution in 190 cities in urban China. Huang et al report that reductions in the urban populationweighted mean annual PM 2.5 from current levels (61 µg/m 3 ) to the levels during the Beijing Olympic games (55 µg/m 3 ) could avert some 439 000 coronary heart disease deaths (95% uncertainty interval [UI], 233 000-643 000) and 237 000 stroke deaths (95% UI, 109 000-357 000) from 2017 to 2030. According to simulations, these improvements are comparable to 30% reductions in tobacco use across the population. In the most optimistic scenario presented, if PM 2.5 could be reduced to the WHO air quality guideline, some 2 870 000 coronary heart disease deaths (95% UI, 1 717 000-3 760 000) and 1 821 000 stroke deaths (95% UI, 896 000-2 592 000) could be averted. These reductions are comparable to those from 25% reductions in uncontrolled systolic hypertension plus a 30% reduction in tobacco use in the Chinese population. These analyses suggest that reduction of urban air pollution in China to the WHO guideline would represent a truly stunning public health achievement in line with national sanitation and vaccination programs.
The estimates produced in this simulation study are based on analyses of existing literature, including the incorporation of sex-specific demographic and CVD risk factor trends from cohort studies of the Chinese adult urban population, and predictions of these trends on future estimates. Estimates of population growth, aging, and urbanization trend data were taken from the 2010 China census. PM 2.5 data for the 190 cities included in the study were taken from the Chinese Ministry of Environmental Protection, and the air pollution mortality effect estimates were derived from a meta-analysis of large, high-quality air pollution cohort studies.
The core estimation of health benefits from air quality improvements is clear and in line with empirical evidence from limited studies conducted in China and a larger international literature. 4 However, the specific numbers and comparisons with health benefits of other actions should be interpreted with caution. 4 Projections of trends in continued population growth, urbanization, and CVD risk factors into the future may turn out to be overstated and could overestimate effect sizes. The CVD policy model used by Huang et al is an attempt to account for trends in CVD risk factors while estimating air pollution effects, although relationships between CVD risk factors can be complex and difficult to model with precision. Estimates of air pollution exposure and their applications in the study are crude compared with state-of-the-art analyses. For example, a national population-weighted average exposure was used when it is known that exposure varies spatially within China, as does CVD. Although providing a single, understandable country-wide exposure level, this simplification likely overestimates the benefits of the air quality reductions in this analysis. For example, air pollution reductions in regions with lower CVD rates would have less benefits than those targeted to areas with higher rates. Indeed, from a public health perspective, a targeting of air quality management to those areas and populations with the highest CVD rates would be prudent.
Although China is rapidly urbanizing, 44% of the population remains rural. 5 Given that the rural population is also exposed to air pollution concentrations well above the WHO guideline, the urban-only focus of Huang et al should be considered alongside other policy-relevant analyses of strategies to reduce the disease burden attributable to air pollution across China.
3,6-8 For example, the disease burden in China from household air pollution caused by the use of solid fuels for cooking and heating, although decreasing, is still very high. 8 Ultimately, one of the most effective strategies may be to target efforts in this sector because it contributes to pollution exposure in the household and makes important contributions to regional outdoor air pollution.
Huang et al 3 use results from high-quality studies of air pollution and CVD mortality in the United States and Europe to estimate effect sizes for their simulations. Because air pollution levels in the United States and Europe are considerably lower than in China, effect sizes based on low levels seen in those settings must be extrapolated to higher concentrations. 9 The Huang et al 3 study uses a linear concentration-response function to make these extrapolations. Although linear relationships between air pollution and mortality have been applied over relatively narrow concentration ranges, over the full distribution of air pollution levels observed in China, a linear concentration-response function will likely overestimate air pollution effects on CVD mortality at higher concentrations.
2,9,10 Accordingly, the analyses in Huang et al 3 probably overestimate the number of deaths averted by reductions in areas with the highest concentrations of air pollution and underestimate the mortality benefits of reductions in areas with currently lower concentrations of air pollution. However, sensitivity analyses addressing overestimation still show substantial benefits to air pollution reduction.
China has implemented increasingly aggressive air quality management policies in recent years, making the assumption by Huang et al of no change in PM from 2017 to 2030 likely unrealistic, but it does provide a useful baseline from which to measure progress. Estimates of effects of air pollution on CVD mortality in this study were derived from US and European cohort studies of air pollution, which have different mixtures of air pollutants. Sources of air pollution in the developed world are largely traffic related, whereas coal and biomass burning makes up a greater proportion of PM 2.5 sources in China. Some studies have suggested that coal and biomass burning may result in a more toxic blend of airborne particles than the mixture common in the developed world. 11, 12 How effects of the mixture of air pollution specific to China on long-term CVD mortality differ from those in the developed world remains to be explored.
The Huang et al 3 study represents an effort to incorporate trends in urbanization, demographics, and, for the first time, CVD risk factors into predictions of the potential of successful air pollution control programs. If the assumptions made by Huang et al are true, reducing PM 2.5 to WHO-recommended levels could prevent millions of CVD deaths in urban China by 2030. Health benefits to reducing air pollution also extend beyond CVD; the pulmonary health (chronic obstructive pulmonary disease, lung cancer, acute lower respiratory infections) impacts of air pollution exposure are also widely recognized and in the GBD 2016 analysis account for 44% of the overall attributable mortality burden. 2 Although not presented here, simulations of the health benefits of specific strategies to achieve air pollution reductions, as incorporated in other studies, 6, 7 can provide useful insight for policy. The high awareness of air pollution in China, combined with the tangible evidence of severe health impacts, may help accelerate transition to a low-carbon economy as is necessary for mitigation of climate change. In this context, it is critical that climate policy options be analyzed for their potential air pollution (and disease burden) impacts and that air quality management policies also contribute to reductions in emissions of climate forcing agents.
Reaching the WHO-recommended limits in China will take dramatic efforts to achieve, but large-scale air pollution control efforts in other countries have shown that large reductions not only are possible but also can be cost-effective. 13 As China's per capita income continues to rise and China continues its transition from an industrial to a service-based economy, demand for environmental progress will likely increase, as it has in countries that have made similar transitions.
14 Indeed, air pollution in several major Chinese cities has decreased in recent years despite increasing population and urbanization. Accelerating these efforts will be important to reducing the considerable health burden caused by air pollution in China.
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